The Amber 99SB force field (1) was used for the proteins, parameters for suramin were developed using antechamber (2) and the general amber force field (3), charges were derived using QM calculations in Gaussian 09 (4) with the HF/6-31G* in accordance with the standard amber charge scheme (5). Dowser (6) was used to place water molecules in protein cavities and close to suramin; subsequently the system was solvated using LEaP in Amber14 (7). The system was neutralized and brought to a salt concentration of 0.1 M by adding sodium and chloride ions. The TIP4P-ew water model (8) and the monovalent ion parameters developed for this model (9) were used. The system was minimized in 4 stages slowly allowing the system to move; the first stage minimized hydrogen atoms for 2,000 steps; the second stage released water molecules and minimized for 4,000 steps; the third stage released the protein side-chains and minimized for 10,000 steps; the final stage was a 20,000
step unrestrained minimization. The system was then heated to 310 K with the protein backbone restrained for 250 ps in the NVT ensemble using a 2 fs time-step. The system was subsequently equilibrated in an NTP ensemble with 1 atm pressure in three steps of 250 ps each, slowly reducing the restraints on the protein backbone from 3 to 1 kcal/mol/Å 2 . Production molecular dynamic (MD) modelling was then performed for 100 ns for each of the four models using PMEMD in Amber14 on a GPU.
SUPPLEMENTARY DISCUSSION
Further details on predicted binding mode of suramin to the REL1 active site (Fig. 6) The sulfonate groups assume interactions similar to that of ATP, with one group interacting through a hydrogen bond with the backbone of Val88, which is bound to N7 in ATP, the second binds with a salt-bridge to the side-chain of Arg288, which connects via a water-mediated interaction to N1 in ATP.
The naphthalenes described previously were only able to make subsets of these interactions due to them having only one or two of the sulfonate groups; V4 made the interaction with the side-chain of Arg288, V3 made the interaction with Val88 (10). The third sulfonate group binds to the side-chain of Arg111 and Asn92, which bind to the O2' and O3' of the ribose moiety in ATP (10). Other key protein residues involved in the binding are Glu60, Lys87, and Arg309 as detailed in Fig. 6 .
Evidence that suramin can simultaneously bind to two proteins is supported by a crystal structure of Leishmania mexicana pyruvate kinase (LmPYK) (11) together with the suramin analogue Ponceau S, although there are significant differences between their binding motifs. Firstly, the ATP binding site is inverted in LmPYK, with the adenosine moiety residing close to the solvent side of the protein, while the tri-phosphate tail resides deeper in the protein. Secondly, due to the shape of the binding sites in LmPYK and the protein's tetrameric state, the two Ponceau S-bound enzyme molecules come into close contact. In REL1, the ATP/suramin binding site is located on a fairly flat surface where RNA will bind, meaning the two proteins do not clash and there is room for a solvent layer in between them.
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